We report on a 1 day ASCA observation and ROSAT HRI observations of the eclipsing dwarf nova HT Cas. The presence of the X-ray eclipse, originally detected in a ROSAT PSPC observation, is conÐrmed at a much higher signiÐcance level. The quality of the ASCA light curve is high enough to allow detailed investigation of the eclipse depth, width, and shape. The eclipse is found to be deep, compatible with being total. The eclipse width is comparable to that of the white dwarf, as derived from optical light curves, and in fact may be narrower. The eclipse transition is also found to be short, which puts a limit of 1.15 times the white dwarf radius as the total size of the X-ray emission region. The out-of-eclipse spectrum of HT Cas is found to be consistent with a single temperature (kT D 10 keV), absorbed (N H D 3.3 ] 1021 cm~2), thermal model.
INTRODUCTION
Cataclysmic variables (CVs ; see for a Co rdova 1995 review) are semidetached binaries in which the accreting component is a white dwarf. The majority of CVs are nonmagnetic : in these systems, accretion takes place via an accretion disk. Nonmagnetic CVs are divided into several subclasses, including dwarf novae, which have frequent (weeks, months or, in a few systems, years), small-amplitude (3È7 mag in the optical) outbursts, and nova-like systems, which remain at a roughly constant brightness most of the time. Nova-like systems and dwarf novae in outburst are believed to be very similar, characterized by a high accretion rate.
The accretion disk in a nonmagnetic CV radiates roughly half the potential energy available to the accreting material. Unless the white dwarf in such a system is rotating near the break-up speed, the remaining half should be radiated at the boundary layer between the disk and the white dwarf With an emitting area smaller than a (Pringle 1977) . white dwarf releasing about 1031 ergs s~1, the boundary layer should be the dominant X-ray and EUV source during mass accretion. Theoretical models suggest that, when the accretion rate is low, the boundary layer is optically thin and an D10 keV bremsstrahlung spectrum results ; when the accretion rate is high, the boundary layer becomes optically thick and a soft (few tens of eV) blackbody-like spectrum is expected & (Patterson Raymond & Popham This 1985a , 1985b Narayan 1993) . general framework has been successful in explaining Einstein, EXOSAT , and ROSAT observations of nonmagnetic CVs & Mason Halpern, & Pat-(Co rdova, 1984 ; Eracleous, terson & Shiokawa et al. 1991 ; Mukai, 1993 ; Vrtilek 1994 ; Teeseling, Beuermann, & Verbunt van 1996) . However, when detailed comparisons are attempted between theory and observations of the optically thick cases, serious discrepancies are found in the luminosity and temperature of the softÈX-ray/EUV component (see, for example, et al. et al. In addiFerland 1982 ; Mauche 1991) . tion, no eclipses were detected in the EXOSAT low-energy (soft X-ray) light curve of OY Car during its 1985 May superoutburst et al. providing strong evi- (Naylor 1988 ), dence for the presence of an extended soft X-ray source. However, from contemporaneous observations at other wavelengths et al. extensive azimuthal (Naylor 1987 (Naylor , 1988 , structures on the outer accretion disk had been inferred. These structures apparently blocked our view of the central white dwarf at all orbital phases ; therefore, the 1985 May EXOSAT data cannot be used to determine the presence or otherwise of boundary layer emission. More recently, EUV E observations of U Gem et al. and dwarf ) novae in outburst have revealed a rich emission-line spectrum, probably from a wind or an accretion disk corona, superimposed on a blackbody-like continuum which is absorbed by more than the interstellar column. The inferred intrinsic absorption within these high accretion rate systems may remove the difficulties encountered previously in interpreting the observed soft X-ray/ EUV Ñux in terms of the simple boundary layer picture ; however, this does not constitute a positive proof of the boundary layer models yet.
In contrast to the optically thick case, the optically thin case has not been tested extensively to date. This is because previous X-ray data were either taken with nonimaging detectors (with which most dwarf novae are too close to the background level for detailed studies) or did not extend to high enough energies, given the expected spectral shape. High-quality X-ray observations have the potential to constrain the theory of the boundary layer and/or the accretion disk corona, which has also been proposed as a contributor to the observed X-ray Ñux & Meyer-Hofmeister (Meyer One obvious strategy is to obtain X-ray observations 1994). of a quiescent, eclipsing dwarf nova. The choice of target for such an observation is guided by two requirements. First, the optical eclipse must be deep : in some systems, eclipses are shallow indicating that only parts of the outer disk and/or the bright spot are eclipsed. While data on such systems are still useful, deeply eclipsing systems (where the central white dwarf is known to be eclipsed) provide better diagnostics. Second, the target must be bright in hard X-rays. HT Cas satisÐes both these criteria : in fact, it probably is the strongest hard X-ray source among deeply eclipsing dwarf novae & Shiokawa (Mukai 1993) . With this in mind, et al. obtained a Wood (1995a) ROSAT PSPC observation of HT Cas, performed over a 24 hr period but containing 5.4 hr of useful data. Although useful data were obtained only for one eclipse, it was detected at the 3.1 p level and indicated a compact emitting region near the white dwarf. However, HT Cas was in an unusual low state at the time of this ROSAT observation, and, moreover, a detailed analysis of the light curve was not warranted given the low counting statistics. We believed that follow-up observations, particularly one with ASCA, would be capable of improving upon the ROSAT PSPC results ; we report our analysis of an ASCA observation and a series of ROSAT HRI observations in this paper. Section contains the details of the observation and data reduction, 2 results are presented in and the implications are dis-°3, cussed in°4.
OBSERVATIONS
2.1. ASCA Observation and Data Reduction ASCA is the fourth X-ray astronomy satellite launched and operated by ISAS, Japan, and carries four co-aligned conical-foil telescopes, two with GIS (gas-scintillation imaging spectrograph) and two with SIS (solid-state imaging spectrograph) detectors Inoue, & Holt (Tanaka, The ASCA observation of HT Cas was carried out 1994). between 1994 Sep 6 17 : 25 UT and 1994 Sep 7 17 : 10 UT. The scheduling was optimized for the repeated observation of the eclipses, which recur at the D106 minute binary orbital period, compared with the D96 minute satellite orbital period of ASCA at which Earth occultations, SAA passages, and other interruptions recur. The GISs were operated in the PH mode, while the SISs were used in 2 CCD mode, the latter limiting the timing resolution to 8 s.
We have applied di †erent sets of screening criteria for broadband photometry and for spectroscopy. For the former, our requirement to cover as many phase bins as many times as possible has led us to relax the screening criteria. For the spectroscopic work, however, we have retained the more strict criteria so as to avoid undue contamination by the variable nonÈX-ray background.
We have removed low bit rate data, data taken during SAA passages and when the cuto † rigidity was below 4 GeV/c counts~1 (6 for spectroscopic data), or when the target was within 5¡ of the Earth limb. We have also eliminated the Ðrst D20 minutes of data, taken while the spacecraft attitude had not settled down to the Ðnal orientation. In addition, GIS data were restricted to the standard highvoltage setting ; the on-board monitor L1 was used to exclude other intervals when GIS data were not being taken. Rise times of the events were then used to eliminate a large fraction of particle background events. SIS data were similarly screened, with the following SIS-speciÐc selection. Data taken when the elevation above Bright Earth limb was less than 10¡ were removed, as SIS are a †ected by optical light that is scattered o † the Bright Earth. Data taken between 0 and 32 s after an orbital day/night transition or a transition in and out of SAA regions were removed, as CCD dark levels change at such transitions and the on-board model for the dark levels is incorrect for several tens of seconds after each transition. Finally, PIXL monitor counts were used for SIS data to reject time intervals when SIS was not taking data or su †ering from high background rates. We have used grade 0, 2È4, and 6 events for photometry but excluded the (less well calibrated) grade 6 event for spectroscopy. We have removed hot and Ñickering pixels using the standard procedure.
These criteria resulted in 36 ks (32 ks) of good data for SIS-0, 35 ks (31 ks) for SIS-1, and 38 ks (34 ks) for both GIS instruments for photometry (spectroscopy). We have used radius extraction regions for SIS and D6@ regions for D3@ .2 GIS. For local background subtraction, we have used the entire area of the 2 active CCD chips for the SIS and the central D10@ radius region of the GIS, both excluding the source regions. Within these regions, vignetting is unimportant, the stray-light contribution et al. (Serlemitsos 1995) is small, and the nonÈX-ray background does not have a strong spatial dependence ; therefore, we will assume a spatially Ñat background (this is not the case in the outer regions of the GIS Ðeld of view). However, due to the broad wing of the XRT point spread function, the background region data contain a measurable fraction of the source photons, as well as background events, a point we will return to in the discussion of the eclipse light curves.
ROSAT HRI Observations and Data Reduction
HT Cas was observed with ROSAT between 1995 August 20 and 24 using the X-ray telescope with the HRI. The observations were timed speciÐcally to cover the optical eclipses. Observations were obtained of Ðve complete, as well as two incomplete, eclipses. HT Cas was centered in the Ðeld of view, and there were no nearby sources. The X-ray light curve was extracted using Asterix software. We extracted source counts from circular regions of radius 0@ .5 centered on HT Cas and background counts, which are much smaller compared to the source, from a concentric region with area many times the source area. After background subtraction we corrected for vignetting, exposure time and dead time and binned the data into 1s bins.
HT Cas was also observed with the ROSAT WFC but was not signiÐcantly detected in the S1a Ðlter.
Optical Observations
We obtained 4 V -band light curves of HT Cas between 1994 August 14 and October 4, around the time of the ASCA observation, to check its mean magnitude. We used the 0.6 m Thornton ReÑector at Keele Observatory, with a Santa Barbara Instruments ST-6 CCD camera mounted at the f/4.5 Newtonian focus. The CCD images were dark subtracted but not Ñat-Ðelded, as the sensitivity variations are less than 1% over the area of chip used. The counts from HT Cas and the local standard of et al. were Wood (1995a) extracted as described in Naylor, & Charles Shahbaz, shows the resulting light curves for HT (1994) . Figure 1a Cas folded on the ephemeris of Wood, & Stiening Horne, The y-axis is in linear Ñux scale ; however, it is (1991). labeled with V magnitudes, using the fact that the local standard is V \ 13.98 in the Stiening system (which is slightly di †erent from the Johnson V ; see Zhang, & Wood, Vol. 475 
Robinson
The overall out-of-eclipse Ñux level corre-1993). sponds to a V magnitude of about 16.5, the normal quiescent level. In addition there are out-of-eclipse changes of up to 0.5 mag within an orbital cycle and similar changes between light curves ; the errors are estimated to be D0.02 mag.
We also obtained 1 V -band light curve of HT Cas on 1995 August 19, which is presented in This light Figure 1b . curve shows the system to have been in a normal quiescent state, just prior to the start of our ROSAT HRI observations.
Note also that AAVSO reports an outburst (Mattei 1995) of HT Cas starting around 1995 November 17, which is the Ðrst to be detected since 1987 February.
3. RESULTS 3.1. ASCA L ight Curves of HT Cas ASCA background light curves are clearly variable on all timescales on which statistically accurate data can be obtained. The nonÈX-ray background is known to show strong anticorrelation with the cuto † rigidity et (Makishima  al. but with signiÐcant scatter including Ñarelike 1996) events. Some of these events may be correlated with position of the satellite above the Earth, but current understanding only enables a rather conservative data screening criterion, not an accurate minute-by-minute prediction of the background level et al. Therefore, it (Makishima 1996) . is currently necessary to subtract a background light curve to extract the maximum amount of information from ASCA light curves of faint sources.
Because of the modest ratio of the Ðeld of view (FOV) to the point spread function for ASCA, the back-(PSF)10 ground light curves do not have a high statistical accuracy at the desired time resolution (the background regions cover larger areas of the detector than the source regions, the ratio of which is taken into account in the subtraction procedure, but this in itself is insufficient to produce accu-rate background light curves). We have therefore applied a running 256 s Ðlter to smooth out statistical Ñuctuations in the background light curves, accepting that any real variations will also be smoothed out. Our initial attempt did not, however, include the other e †ect of the modest FOV/PSF ratio, namely, that the background region contains some spillover source photons. This usually results in negligible distortions of the light curves, except when the source count rate suddenly goes to 0, such as in an eclipse. In such a case, at the beginning and toward the end of an eclipse, a fraction of the out-of-eclipse source count rate will be subtracted from 0, resulting in artiÐcial dips, with an apparently somewhat higher count rate at mideclipse. This e †ect is clearly visible in the folded ASCA light curve of HT Cas presented by us earlier et al. which readers should (Mukai 1996) , therefore disregard. The amount of spill-over source photons in the background regions can be estimated using the measured source position and the PSF (as implemented in the FTOOL ascaarf ). It is then a straightforward matter to subtract only the true background contribution from the source region light curve, greatly reducing the artiÐcial feature in the net light curve.
In this way, we have generated background-subtracted light curves from all four instruments in the 0.4È10 keV band for SIS, 0.7È10 keV band for GIS at 8 s bins. Errors have been estimated using the Gaussian approximation to the Poisson noise for each bin in the source and background curves and have subsequently been propagated to the net light curves. In the limit of low count rate (when the counts per bin drops to, say, D10 or lower), the Gaussian approximation does break down ; we will return to this point below. We have then summed the individual light curves from the four instruments into a single curve, although this involves a slightly inaccurate adjustment when only some of the instruments were taking good data. We present in this light curve folded on the orbital Figure 2 , period with 400 bins (D15 s bin~1). For presentation, we have used the epoch of the eclipse derived from this observation (see below).
A deep eclipse is apparent in this Ðgure ; an inspection of the unfolded light curves (not shown) indicates that this is the only feature that repeats from cycle to cycle. Flickering is likely to be present, outside of the eclipse, although the low ASCA count rate does not permit us to make a quantitative statement. Also notable is the increased noise around phase 0.2È0.5 ; this, however, is due to the sparser coverage of this phase interval which was an unavoidable side e †ect of maximizing the eclipse coverage. There may be an out-ofeclipse orbital modulation, such that HT Cas is brightest near / D 0.5. Higher quality data are necessary to conÐrm or refute this possibility.
We have also divided the data into two bands, one soft (0.4È2 keV) and one hard (2È10 keV), and constructed folded light curves as well as a hardness ratio curve (Fig. 3) . HT Cas does not display a marked hardness ratio variation over the orbital cycle : one does get an impression of slight di †erence in the eclipse shape between the soft and hard band, but given the estimated errors, a di †erence cannot be established conclusively.
3.2. Eclipse T iming and the Ephemeris of HT Cas We have measured the time of mid-eclipse using the folded ASCA light curve (see below for the details of°3.4 this procedure). Translating it back to time, the time of X-ray mid-eclipse is found to be 1994 September 7 at 06 : 33 : 25 UT, with an approximate error of^4 s or HJD 2449602.77512^0.00005 ; this and other important numbers on the X-ray eclipse are summarized in Table 1 Figure 4 . We have also plotted the ASCA eclipse timing, which is derived independently (see above). Because of the sparse- FIG. 3 .ÈFolded ASCA light curve of HT Cas in soft (less than 2 keV) and hard (greater than 2 keV) bands, plotted using 100 phase bins per orbital cycle (D60 s bin~1) ; the bottom panel shows the hardness ratio, except in mid-eclipse. c Mid-ingress to mid-egress from piecewise linear Ðt, with 90% conÐdence limit.
d Ingress and egress duration, assumed to be identical, from piecewise linear Ðt, with 90% conÐdence limit.
ness of eclipse timings since 1983 that are available to us, we have not derived a new ephemeris ; however, the need to do so is clear from this diagram. It is also clear that the O[C residual for the ASCA eclipse timing is consistent, within uncertainties, with the trend seen in the optical : the optical and X-ray eclipses are coincident in phase.
We have not included the ROSAT PSPC et al. 
T he Eclipse Depth
We have measured the eclipse depth of the ASCA data in two di †erent ways. One is to extract spectra of HT Cas during the eclipse, as well as the appropriate background spectra, and to measure any uneclipsed Ñux. The other is to use the folded, background-subtracted light curve (Fig. 2 and measure the count rate directly in and out of eclipse. In both cases, we obtain results that are consistent with a total eclipse ; we report the result from the latter method in Table  When we divide the data into soft and hard bands, the 1. results are still consistent with total eclipse in both bands.
Note, however, that because of the small number of background counts involved, and because of the systematics involved in the background subtraction process, a residual Ñux (possibly as much as 10% of out-of-eclipse value) cannot be ruled out.
T he Eclipse Shape
We have obtained, for the Ðrst time, an X-ray light curve of sufficiently high quality on which to perform detailed analyses. We have Ðtted the folded ASCA light curves using two di †erent classes of models.
One is a purely phenomenological model consisting of a constant level out of the eclipse, a linear ingress, a Ñat and completely eclipsed bottom, a linear egress and returning to the same constant level out of eclipse (hereafter the piecewise linear model). In our implementation, the out-ofeclipse level, the phase of the mid-eclipse, the eclipse width (from mid-ingress to mid-egress), and the ingress/egress duration (assumed to be identical) are the four free parameters. The results of the piecewise linear model Ðtting are summarized in and displayed in The best- Table 1 Figure 5. Ðt piecewise linear model results in a of 2.45, i.e., formally s l 2 unacceptable. However, a close inspection of Figure 5 reveals that one very low point with a small error bar, just before egress, contributes most of the s2. It is likely that a combination of circumstances have led to a phase bin with a small number of gross counts, the Poissonian error of which is severely underestimated by the Gaussian approximation. A few experiments in massaging the data, such as removing this one point or increasing the error assigned to this point to a level comparable to those of other points in mideclipse, resulted in acceptable values without noticeably s l 2 changing the best Ðts parameters or their uncertainties. Therefore, we tentatively accept the results presented in and Table 1 Figure 5. The X-ray eclipse width of cycle should 4.44~0 .13 0.34 ] 10~2 be compared with the optical eclipse width of (4.93^0.07) ] 10~2 cycle et al. determined (Horne 1991), using a similar method. The eclipse width appears to be shorter in the ASCA data than in the optical. To show the di †erence, the ASCA folded light curve is plotted in Figure  with the piecewise linear model with the optically 5a derived eclipse width ; there are systematic residuals at ingress and egress. In contrast, in the best-Ðt Figure 5b , X-ray model is used, which removes the systematic residuals. The ingress/egress duration is less well constrained :
cycle compared with (8.6^1.4) 4.2~3 .4 4.1 ] 10~3 ] 10~3 in the optical. This is because they are short (D1 minute), on which timescale the ASCA data do not have a sufficient signal-to-noise ratio.
We have also applied the geometrical model of the eclipse, using the same basic model as that used in Ðtting the optical light curves et al.
In fact, we have Ðxed (Horne 1991). the binary inclination and the relative size of the secondary, using the optical results. The white dwarf model (i.e., an optically thick sphere) is used as the model of the X-ray emitting region, with its radius being the free parameter. As with the piecewise linear Ðt, a width smaller than that seen in the optical is preferred. We show in the result Figure 6a shows the same type of R wd sphere11. Figure 6a systematic residuals during ingress and egress, suggesting that the piecewise linear approximation is not the cause of these residuals. In we show the model in which Figure 6b , only the top half of the sphere is visible ; the residuals around the ingress and the egress are smaller than in Figure  Note that eclipse width (from mid-ingress to mid-egress) 6a. does not depend on the size of the eclipsed body, but only on its position.
ROSAT HRI L ight Curves
The ROSAT HRI light curves were phased using the ephemeris of et al. with a correction of 45 s as Horne (1991) discussed above.
We Ðrst investigated the behavior of HT Cas on timescales of hours to days during our ROSAT HRI observations. After masking o † the eclipses, the average count rate in each observation was determined. These are shown in The 1 p error bars shown come from photon Figure 7 . counting statistics. The X-ray source does appear to be variable. Although HT Cas was in its quiescent state (as seen in our photometry the night before the start of ROSAT HRI observations), Roboscope observations (Honeycutt 1996, private communication) show that over the nights of our ROSAT HRI observations the V magnitude varied between 16.4 and 17.0 (outside eclipse). Thus, the optical data are consistent with HT Cas behaving in a similar way during the ROSAT HRI observations as it did at the time of the ASCA observation, with variations up to half a magnitude within an orbital cycle.
We folded the HRI data on the orbital period using 236 s bins with one bin centered exactly on the eclipse. This light curve is shown with its 1 p photon counting error bars in 11 The model used in is a piecewise linear approximation of Figure 5a this model ; the di †erences between the two are minor, but can be seen, e.g., at the onset of egress, in the model. However, the present X-ray data are incapable of distinguishing between the two. This bin size was chosen so that the bin at phase Figure 8 . zero covers the time the white dwarf is totally eclipsed (cf.
et al.
The eclipse is obvious. Wood 1995a). We also rebinned the folded light curve to 10 s time resolution in order to resolve the eclipse (shown in Fig. 9 ). Using both classes of models used for our ASCA data analysis, we Ðnd the ROSAT HRI eclipse to be consistent with that of the white dwarf with parameters derived from the optical light curves. The best-Ðt radius in the white dwarf model is again indicating a very 0.0063~0 .0063 0.0058 R _ , small emission region. However, the parameters are less constrained than from the ASCA data ; in particular, we cannot distinguish between the spherical and the occulted sphere models (or the corresponding piecewise linear models).
X-Ray Spectrum of HT Cas
We have extracted the out-of-eclipse spectrum of HT Cas for all four instruments and Ðtted with several standard models, using XSPEC and the latest ASCA calibration Ðles publicly available as of early 1996. We have Ðtted all four spectra simultaneously, using the same parameters except that GIS and SIS spectra were allowed to have di †erent normalizations (the calibration Ðles used are known to lead to a D15% level discrepancy between the SIS and GIS normalizations for all types of objects ; the SIS values are believed to be the more accurate). We have obtained acceptable Ðts using a Raymond-Smith plasma model, a thermal bremsstrahlung model, or a power-law model ; for the latter two, there is an obvious need to include a strong Fe K line near 6.7 keV. The results of the Raymond-Smith model Ðt are presented in the SIS-0 spectrum is shown in Table 2 ; with folded model, together with the ratio of the Figure 10 data over the model (we only show one of the four spectra for clarity of presentation).
Both Raymond-Smith and bremsstrahlung models result in a temperature near kT D 10 keV. At such a temperature, X-ray emission from a hot plasma is dominated by the   FIG. 7 .ÈROSAT HRI light curve of HT Cas during the course of our D5 day observations. Data (averages after removing the eclipses) with 1 p statistical errors are plotted against the cycle numbers. bremsstrahlung continuum, so this agreement is to be expected. Moreover, within the ASCA passband, it is difficult to distinguish a 10 keV bremsstrahlung from a pure power law (physically, we do not expect CVs to show a FIG. 9 .ÈROSAT HRI folded light curve of HT Cas around the eclipse is plotted in 10 s bins. The error bars have been derived from the rms variations around the mean in the out-of-eclipse data, which overestimate the uncertainties during the eclipse. The solid line is the spherical white dwarf model with the same radius and eclipse width as determined in the optical.
power-law spectrum). The power-law index we obtain is for the four instruments combined, which is close 1.57~0 .07 0.05 to what one would expect for a 10 keV bremsstrahlung observed with ASCA. Because of the paucity of photons in the 6È7 keV range in the SIS spectra, we are unable to investigate the Fe K line in detail : a single, narrow line at 6.73 keV with an equivalent width of D500 eV results in an adequate Ðt, both with a bremsstrahlung or a power-law continuum. A 10 keV plasma is expected to have a mixture of He-like (6.7 keV) and H-like (6.9 keV) emission lines, as well as Ñuorescent 6.4 keV line from reÑection o † the white dwarf surface.
The data do not require the presence of a lower temperature component : a two-temperature Ðt fails to converge, or results in zero normalization for the lower temperature component. However, our experience with other, brighter, CVs observed with ASCA is that it is very difficult to derive a unique solution for the continuum, in the presence of an absorbing column. This is particularly true when the column is high, or if there is a distribution of columns as well as a distribution of temperatures. Therefore, we do not take the failure of two-temperature Ðt as a proof that the X-ray emitting plasma in HT Cas is at a single temperature. On the contrary, if the residual in the Mukai, & Osborne Ishida, 1994) . Using the best-Ðt ASCA spectral model, we predict a ROSAT HRI count rate of HT Cas of D0.025 counts s~1, with sensitive dependence on the (the choice of spectral N H models or of temperatures have little e †ect on this prediction). This is consistent with the observed ROSAT HRI count rates.
4. DISCUSSION 4.1. L ocation and Size of the X-RayÈEmitting Region Our analysis of the ASCA and ROSAT HRI observation of HT Cas conclusively proves that the bulk of the hard X-rays is from the immediate neighborhood of the white dwarf in this quiescent dwarf nova. We have shown in that the X-ray and optical eclipses are coincident Figure 4 in phase, placing the X-ray emission near the white dwarf in the azimuthal direction. We have measured the X-ray ingress/egress duration to be cycle, com-4.2~3 .4 4.1 ] 10~3 pared with the optical value of (8.6^1.4) ] 10~3 cycle. This indicates that the size of the X-rayÈemitting region is comparable to or smaller than that of the white dwarf, and cannot be larger by more than 15% in radius, taking the extremes allowed by the above errors. Moreover, our piecewise linear Ðtting of the folded light curve results in an eclipse width of cycle ; this is in fact nar-4.44~0 .13 0.34 ] 10~2 rower than the eclipse width of the white dwarf of (4.93^0.07) ] 10~2 cycle determined from the optical light curves et al. (Horne 1991 ). Can we rely on the results of the piecewise linear Ðts ? When the eclipsed body is small, this is a reasonably accurate description of the real situation (compare the model curves in Figs. and Moreover, the precise manner in 5 6). which the true eclipse deviates from the piecewise linear function is model dependent. For example, the model used in is an optically thick sphere with the eclipse Figure 6a width and radius Ðxed from the optical results, and is most appropriate for the optical data. The X-ray emission, even if spherically symmetric, will be an optically thin shell which is partially occulted by the body of the white dwarf. There is an inÐnite degree of freedom in the assumed geometry of the X-ray emission region ; for the moment, we believe the piecewise linear model adequately serves our purposes.
If indeed the X-ray eclipse is narrower than in the optical, what are the implications ? The eclipse width, when measured from mid-ingress to mid-egress as we do here, indicates the location of the emission region along the binary axis and perpendicular to the orbital plane. Since the optical eclipse is almost certainly that of the white dwarf photosphere, possibly with a boundary layer contribution (there is no viable alternative known), the narrowness of the X-ray eclipse indicates that the X-ray emission is located slightly above the orbital plane (unless we accept the unlikelier alternative that it is further away from the secondary than the white dwarf ). The model used in is that Figure 6b of a hemisphere, again with the eclipse width and radius Ðxed from the optical results, which suggest a possible interpretation of absorption and/or scattering within, or close to, the X-ray emission region, hiding the X-rays from below the orbital plane.
We note that X-ray emission from an equatorial belt, instead of from a spherical region, cannot in itself be the explanation for why the X-ray eclipse is narrower than in the optical. Such an equatorial belt would lower the center of light, as seen from Earth somewhat above the orbital plane, and therefore increase the mid-ingress to mid-egress width. However, a relatively broad equatorial belt the lower half of which is absorbed may provide a valid explanation. It is interesting to note that Teeseling et al. have van (1996) proposed a similar model (absorption by the accretion disk) to explain the anticorrelation between the orbital inclina-tion and the emission measure derived from ROSAT data. Although this model o †ers a qualitative explanation of the eclipse width, a more quantitative work using a higher quality data set would be necessary to conÐrm or reject this model through eclipse light curve analysis.
Constraints from the Spectral Fit
The ASCA spectrum of HT Cas is an order of magnitude more absorbed than in the ROSAT PSPC data during a low state et al.
The best-Ðt parameters for (Wood 1995a) . the ASCA data would predict a ROSAT PSPC count rate (0.06 counts s~1) that is somewhat lower than what was observed (D0.1) by et al. However, the backWood (1995a). predicted ROSAT PSPC spectrum is much harder than observed, because of the higher (and possibly because of N H a higher kT ). The inferred bolometric X-ray Ñux is 9.4 ] 10~12 ergs cm~2 s~1, much higher than that inferred from the ROSAT PSPC data (6.5 ] 10~13 ergs cm~2 s~1). We believe these di †erences reÑect a genuine change in the system, presumably caused by a higher accretion rate onto the white dwarf during the ASCA observation. In particular, the absorbing matter must be local to HT Cas. Although a thickening of the outer parts of the accretion disk can in principle provide an increased absorbing column, this has been claimed to lead to a strong orbital variation in the absorption (dipping low-mass X-ray binaries and some CVs including U Gem ; see et al. Szkody and references therein). From a lack of a strong orbital 1996 modulation in the hardness ratio (see we prefer an Fig. 3) , interpretation in which the extra absorption is local to the X-rayÈemitting region (near the inner edge of the disk). We further note that our observations (both in the X-rays and in the optical ; Figs. and show HT Cas to be showing 1 7) signiÐcant variability on a timescale of hours to days. However, it appears to remain within the range of "" quiescence.ÏÏ This suggests changes close to the white dwarf on this timescale.
The general picture of X-ray emission in CVs involves a highly supersonic Ñow, a shock near the white dwarf surface which heats the plasma to X-ray temperatures, which cools as it settles down to the white dwarf surface. Thus, we expect the X-ray emitting plasma to have a distribution of temperatures from the shock temperatures down to the photospheric temperature. Nevertheless, we expect the single-temperature Raymond-Smith Ðt to reÑect the conditions in the postshock region. In particular, we take the Ðtted temperature to be a zeroth-order estimate for the shock temperature ; the normalization to reÑect the emission measure (EM) of the postshock region (since normalization is Ðxed by the requirement that it reproduces the 5È10 keV Ñux, the inferred EM does not include that of much lower temperature plasma) ; and the bolometric Ñux to reÑect the accretion rate onto the white dwarf, multiplied by the efficiency of hard X-ray production (g).
These can be combined with the system parameters derived from optical photometry and spectroscopy. We adopt the distance estimate of 140 pc from Marsh (1990) , from the spectroscopic detection of the secondary ; and bestÐt white dwarf mass (0.61 and radius (0.0118 Next, we adopt the SIS normalization of 2.81 ] 10~3. The normalization for the Raymond-Smith model is deÐned within XSPEC to be equal to (10~14/4n d2) EM, where d is the distance to the source in cm and EM D n2V is the emission measure in cm~3 ; therefore the implied EM is 6.6 ] 1053 cm~3. Since the eclipse study has limited the X-ray emission to be within 1.15 white dwarf radii, the maximum volume is 1.153 [ 1 \ 8 times the volume of the white dwarf, or 1.7 ] 1027 cm3. This leads to a secure lower limit to the density of the X-ray emitting region of 2.5 ] 1013 cm~3 ; it may in fact be much higher if the X-ray emitting region is smaller.
The inferred bolometric Ñux of 9.4 ] 10~12 ergs cm~2 s~1 implies an X-ray luminosity of 2.2 ] 1031 ergs s~1, corresponding to an accretion rate onto the 0.61 white M _ dwarf of 2.2g~1 ] 1014 g s~1 or 3.5g~1 ] 10~12 yr~1 ; M _ in the standard, optically thin boundary layer model, half the accretion energy is available, of which roughly half may be reprocessed by the white dwarf photosphere, so g D 0.25. If this accretion is taking place onto a fraction f of the white dwarf surface, the density in the immediate postshock region (where the velocity is one-fourth of the preshock Ñow) is D2.2g~1f~1 ] 1011 cm~3. If g is 0.25, then f \ 0.03. However, such a low covering fraction is difficult to reconcile with our Ðnding from the eclipse width, probably implying g \ 0.25. Although lower physical efficiency of X-ray production cannot be excluded, the transition from optically thin to optically thick is estimated to occur around 1016 g s~1 (see, e.g., & Raymond 1 order Patterson 1985a), of magnitude higher than the above estimate for HT Cas for g D 0.25. Therefore, we should also consider a much lower geometric efficiency, as proposed by Teeseling et al. van In either case, the inferred accretion rate for the low (1996) . g case is not much less than the long-term average estimated for systems driven by gravitational radiation (D10~10 yr~1 ; see, e.g., M _ Patterson 1984).
W ider Implications
We have placed a signiÐcant constraint on where the bulk of the X-ray emission is located in HT Cas, to the immediate vicinity of the white dwarf. A boundary layer would be consistent with our ASCA observation, although our X-ray view has to be restricted to a part of the boundary layer above the orbital plane. This is in marked contrast with the high accretion rate systems, such as OY Car et al. and UX UMa Naylor, & Marsh (Naylor 1988 ) (Wood, where the X-rays are found not to be eclipsed. In 1995b), these systems, it has been proposed that the boundary layer is hidden from our view at all orbital phases and that the observed X-rays come from a di †erent source, such as a corona or wind above the disk, although in the ROSAT band the X-ray spectra appear similar regardless of the acc-retion rate Teeseling et al. There is evidence for (van 1996) . HT Cas that an increased accretion (from a low state to a normal quiescent) result in higher intrinsic absorption ; it is not difficult to imagine that a further increase in the accretion rate can hide the boundary layer altogether.
The "" coronal siphon Ñow ÏÏ model & Meyer-(Meyer Hofmeister has been proposed as an alternative accre-1994) tion scenario for quiescent dwarf novae. However, the hot, extended accretion disk corona predicted by this model is not seen in our data ; further theoretical and observational e †orts are necessary to establish if the apparent lack of an extended X-ray source in HT Cas is still consistent with this scenario. Moreover, one would naively expect the Ðnal accretion of coronal gas onto the white dwarf (which is expected to be the dominant X-ray source in this scenario) to be quasi-spherical and very efficient in hard X-ray production. This is inconsistent with the constraint derived from the spectral Ðtting, viz., that only a small fraction of the white dwarf surface appears to be involved in the X-ray production ( f \ 0.03).
Given the suggestion of a very small f, it might be tempting to consider a magnetic model for HT Cas. However, observations to date have not revealed any signatures of magnetism in this system (e.g., there is no hint of a second periodicity in the ASCA data). Moreover, the magnetic model, as a general solution to the question of the boundary layer, is of questionable value : what we have in "" nonmagnetic CVs,ÏÏ particularly nova-likes and dwarf novae in outburst, is not a missing boundary layer problem but a missing Ñux problem. Since we know magnetic accretion is highly efficient in producing X-rays, a magnetic model (as applied to the majority of CVs) would make the problem worse, not better.
Future Prospects
We have obtained, for the Ðrst time, an X-ray eclipse light curve of a dwarf nova that is of high enough quality to permit some quantitative analysis. However, there is plenty of room for improvement, to measure the mid-eclipse Ñux more precisely, and to enable us to perform a more sophisticated analysis of the eclipse light curve. To improve on the quality of the ASCA light curve, a larger e †ective area and a better ratio of FOV/PSF is required, such as XMM would provide.
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